Summary
In this connection, the need arises to produce more stable and consequently more technologically effective analogues, which was the purpose of the present investigations.
From the viewpoint of increased stability, most promising are phenol formaldehyde cooligomers of the novolac type, which, given the absence of reactive hydroxymethyl groups in their structure, are capable of retaining their properties for a long period of time.
The task of the investigations is to synthesise phenol formaldehyde novolacs based on blends of phenol, phenolphthalein (or a phthalide-containing monophenol), and m-cresol.
As is known [3] , m-cresol exhibits high reactivity during interaction with formaldehyde. Therefore, in the production of novolacs based on blends containing m-cresol, the use of traditional conditions of novolac production (molar ratio of formaldehyde and phenols 6:7 (1:0.86), temperature regime 95-100°C) [4] creates the risk of premature crosslinking during synthesis. For this reason, in the production of cresolcontaining novolacs, use was made of a smaller quantity of formaldehyde, and the process was carried out at lower temperature.
Novolacs were obtained by the interaction of blends of phenolphthalein (or a phthalide-containing monophenol), m-cresol, and phenol in a weight ratio of 5:10:85-40:30:30, respectively, with formaldehyde with a molar ratio of phenols and formaldehyde of 1:0.7 at a temperature of 70-80°C in an aqueous solution in the presence of acid catalysts by the scheme:
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This method was used to produce, in high yield (82-91%), cresol-containing phenol formaldehyde novolacs based on blends containing 5-40% phenolphthalein (or phthalide-containing monophenol), 10-30% m-cresol, and 30-85% phenol. The obtained cooligomers comprise powder products soluble in organic solvents. In contrast to analogous resols, they have a long storage life. The obtained novolacs are noted for a high curing rate. Thus, during curing in the presence of a dimethylol derivative of p-cresol (DMPC) at 180°C, the curing time is less than 2 min, and in the case of using urotropin as the curing agent for curing, less than 25 s is required.
The properties of the novolacs are presented in Table 1 .
The structure of the obtained novolacs was confirmed by IR spectra. Figure 1 , by way of example, gives the IR spectrum of novolac 5.
The presence of a phthalide ring is confirmed by the presence in the IR spectra of an intense band with a maximum at 1737 cm −1 , due to stretching vibrations (C=O) of the phthalide ring, which is in accordance with published data [1, 5] .
Based on novolacs, crosslinked copolymers were produced by hot pressing. As curing agents, use was made of urotropin (HMTA), DMPC, and phenolic resol of grade SF-3021. The results obtained are given in Table 2 .
As can be seen from the data presented, the strength properties of the copolymers depend both on the amount of phthalide-containing monomer and m-cresol in the initial blends and on the nature of the curing agent used in their production. The bending stress causing failure and the specific impact strength of the copolymers reach values of 54. The possibility of using different curing agents in the production of novolac-based crosslinked copolymers makes it possible to control the course of the curing process and the structure and properties of the copolymers formed according to the practical tasks, which is also an important advantage over analogous resols. 
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The crosslinked copolymers obtained also have superior heat resistance to the analogue. The given characteristics were determined by dynamic thermogravimetric analysis (DTGA) from the temperatures at which the specimens of crosslinked copolymers lose 10 and 20% of their weight when heated to 900°C. Table 3 gives the heat resistance indices of cured novolacs and the analogue [1] , from which it can be seen that the obtained crosslinked copolymers by comparison with the well-known analogue have higher temperatures of 10 and 20% loss (390-400°C and 490-500°C in comparison with 375-380°C and 480-485°C for the analogue).
Thus, as a result of the investigations conducted, new novolacs based on blends of phenol, phenolphthalein (or phthalide-containing monophenol), and m-cresol were obtained, having a high curing rate and possessing increased stability by comparison with known analogous resols. The obtained novolac-based copolymers have high strength and thermal characteristics, which are superior to the indices of the analogue.
From the viewpoint of the possibilities of practical use, the synthesised novolacs are of interest not only for the creation of heat-resistant materials of traditional designation but also, presumably, as new valuable 'smart' polymers, for example polymers that exhibit the electronic switching effect as a result of external effects. In this connection, it is important to study the influence of the chemical structure of copolymers on the given effect.
EXPErImENTaL
Phenolphthalein of ACS reagent grade (ACROS) was used without additional purification.
Phthalide-containing monophenol was obtained by condensation of o-benzoylbenzoic acid chloride with phenol in 1,4-dioxane in the presence of a catalyst of anhydrous ZnCl 2 by a procedure, modified by us, that was described earlier [6, 7] . Yield 76.8%, T m = 168-169°C (according to literature data [6, 7] , 168-169°C). Content of elements: found C 79.47%, H 4.68%; calcd C 79.57%, H 4.64%.
o-Benzoylbenzoic acid was purified in the following way: an aqueous solution of Na salt of o-benzoylbenzoic acid was filtered from insoluble impurities and decolorised by treatment with activated carbon, and, after filtration to remove the activated carbon, a solution of hydrochloric acid was added to the filtrate to a pH of 5-6. The precipitated o-benzoylbenzoic acid was filtered off, washed with water to remove residues of hydrochloric acid, and dried at 100°C (T m = 125-126°C).
The dioxane was dried over molecular sieves of grade NaA and distilled (T boil = 100-101°C). The catalyst used was anhydrous, p.a. ACS grade ZnCl 2 reagent (Fluka) without additional purification. Table 1) To 16.0 g (0.17 mol) of phenol is added 2.0 g (0.006 mol) of phthalide-containing monophenol, 2.0 g (0.02 mol) of m-cresol, 13.0 mL of 30% formalin containing 4.1 g (0.14 mol) of formaldehyde (molar ratio of phenols and formaldehyde 1:0.7), and 0.6 mL of 38% hydrochloric acid. The reaction mass is heated during stirring in a water bath at 70-80°C until clear separation of the reaction mass into two layers (aqueous and resinous). The water layer is removed by decanting, and the resin is repeatedly washed with hot water and dried initially in air and then in a drying oven at 70-80°C. Yield 90.4%, T soft = 97-99°C. The novolac is soluble in acetone, ethanol, n-propanol, and dioxane. Content of elements: C 75.7%, H 5.8%. Curing time in the presence of DMPC at 180°C, 1 min 20 s.
Synthesis of novolac based on a blend of phenolphthalein, m-cresol, and phenol in a weight

Synthesis of novolac based on a blend of phthalide-containing monophenol, m-cresol, and phenol in a weight ratio of 10:10:80 (novolac 6 in
IR spectra were recorded on a Nicolet Magna-700 IR Fourier spectrometer. Spectra were processed using the IBM-PS program package in the software of the instrument.
To determine the physicomechanical properties, standard testpieces measuring 10 × 15 × 4 mm were produced by hot pressing. The pressing conditions were as follows: temperature 180°C, pressing time 1 h, pressure 10 MPa. The physicomechanical characteristics of the cured polymers were measured on a Dinstat instrument by standard procedures.
The percentage of acetone-soluble low-molecularweight substances was determined by extraction in a Soxhlet apparatus for 3 h. 
